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The possibility of growing Anthephora pubescens Nees and Eragrostis curvula (Schrad.) Nees together in mixed 
pastures was investigated as E. curvula could provide early spring grazing and bulk in summer, while 
A. pubescens could provide good quality grazing in autumn and winter. In monocultures as well as in mixtures, the 
yield of A. pubescens remained inferior to that of E. curvula. The values of the relative yield per plant and 
aggressivity obtained in the present study all indicate that A. pubescens is a poor competitor, while E. curvula is a 
strong competitor. In spite of the fact that some niche differentiation does occur when the two species are grown 
together, E. curvula would probably eventually eliminate A. pubescens as the latter is not easily established where 
competition from existing grass species is high. 
Aangesien Eragrostis curvula (Schrad.) Nees vroel:l lenteweiding en massa in die somer verskaf, terwyl 
Anthephora pubescens Nees hol:l-kwaliteitweiding in die herfs en winter lewer, is die moontiikheid ondersoek om 
hierdie twee spesies in gemengde weiding aan te plant. In monokultuur sowel as in mengsels het die opbrengs 
van E. curvula die van A. pubescens oortref. Die waardes van die relatiewe opbrengs per plant sowel as 
aggressiwiteit het getoon dat A. pubescens 'n swak kompeteerder en E. curvula 'n sterk kompeteerder is. Ten 
spyte van die feit dat daar wei nisdifferensiasie voorkom wanneer die twee spesies in mengsels gekweek word, sal 
E. curvula waarskynlik op die lange duur A. pubescens elimineer aangesien laasgenoemde spesie moeilik vestig 
as dit met bestaande grasse moet kompeteer. 
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competition . 
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Introduction 
Both Anthephora pubescens Nees and Eragrostis curvula 
(Schrad.) Nees have found a pennanent niche in South African 
agriculture as pasture grasses (Roberts & Fourie 1975; Du 
Pisani et al. 1986; Fair 1989; Dannhauser 1991). The most 
outstanding attributes of A. pubescens are that it is drought-
tolerant, very palatable and nutritious. It is therefore a valuable 
cultivated pasture in the semi-arid regions of South Africa that 
receive an annual rainfall of between 250 and 650 mm. It has 
an excellent foggage value, due mainly to the high leaf content 
of the foggage. Although it is not a high-yielding pasture in 
tenns of kilograms dry matter per hectare, the high animal per-
formance largely offsets the low dry matter yield (Fair 1989; 
Dannhauser 1991). Eragrostis curvula is one of the most 
useful pastures in South Africa, because of its adaptability to a 
wide range of climatic and edaphic conditions in South Africa. 
Furthennore, it has a long life, is tolerant to grazing mis-
management, provides good early spring grazing and is an 
excellent hay grass. Although E. curvula can be grown 
successfully in areas with an annual rainfall as low as 450 mm, 
it is generally recommended for areas with an annual rainfall 
exceeding 650 mm. Eragrostis curvula pastures have the 
advantage that they are usually ready for grazing in spring, 
before most of the other grass species. However, it has a rela-
tively short summer grazing period, whereafter the palatability 
and nutritional value decline in autunm, causing a poor winter 
foggage value (Fair 1989). 
Although A. pubescens and E. curvula do not occur together 
under natural conditions, the possibility of growing them in 
mixed pastures was investigated, as E. curvula could provide 
early spring grazing and bulk in summer, while A. pubescens 
could provide good quality grazing in autumn and winter. 
To facilitate the mathematical description of the degree of 
competition occurring between two plant species, a technique 
was developed by De Wit (1960) which compares the growth 
of each species in a mixture with its growth in a pure stand 
(monoculture). Based on De Wit's design, a number of indices, 
such as relative yield per plant, relative yield total and 
aggressivity, c~ be used to evaluate the competitive potential 
of the species. Although the extrapolation from these experi-
mental trials to the field poses several difficulties, De Wit's 
technique has been successfully applied in agronomy (De Wit 
1960; De Wit & Van den Bergh 1%5; Mead & Riley 1981) 
and has proved popular especially because graphical presenta-
tion of the yield data allows identification of the stronger 
competitor and the extent of niche overlap between species 
(Firbank & Watkinson 1985). 
Biomass allocation refers to the proportion of total biomass 
stored in each organ (Harper & Ogden 1970) and the interest in 
biomass allocation patterns resulted from theoretical predic-
tions that the allocation pattern of a species determined its 
success in a given habitat (Gross et al. 1983; Bazzaz & Reekie 
1985; Reekie & Bazzaz 1987). The pattern of resource alloca-
tion of a species is retained and refined through the process of 
natural selection to improve its chances of survival (Barbour et 
al. 1980). 
In this study the effects of intra- and interspecific competi-
tion on (a) yield and (b) biomass allocation of Anthephora 
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pubescens and Eragrostis curvula were determined. A 
knowledge of these competitive interactions should contribute 
to an understanding of the dynamics of mixed communities as 
pastures,' and should predict the possibility of eliminating 
desirable species. On the other hand, if the allocation pattern of 
pasture grasses can be altered under stress, this knowledge 
could aid pasture management by manipulation of the vegeta-
tion to attain highly productive stable pastures. In a subsequent 
paper (Mynhardt et ai, 1994) the possible correlation between 
competitive ability and growth and morphological characteris-
tics of these two species is examined. 
Methods 
The experiment was carried out in a greenhouse at the Roodeplaat 
Grassland Institute. Seeds of k pubescens (VH20 ecotype, obtain-
ed ' from the Biesiesvlakte Research Station at Vryburg) and E. 
curvula (cultivar Ermelo, certified seeds obtained from a local 
seed dealer) were sown in 170 X 170 mm plastic pots with a 
depth of 150 mm, which were filled with a 10-mm layer of gravel 
and topped with a sandy-loam soil. The soil consisted of 82.8% 
sand, 8.7% loam and 8.5% clay and had a pH of 5.3. The two spe-
cies were sown in both pure and mixed stands in November 1990. 
In pure stands the planting densities were I, 4, 8, 12 and 16 plants 
per pot, representing approximately 34, 138, 277, 415 and 554 
plants per square metre, respectively. In the mixed stands (replace-
ment series), the total planting density was kept constant at 16 
plants per pot (554 plants per m2), but the ratios of A. pubescens 
to E. curvula were varied at 4: 12, 8:8 and 12:4 plants per pot. 
Seedlings were thinned to the desired density 4 weeks after 
emergence. All pots received 500 ml tap water every second day 
and 100 ml commercially available ureum ammonium nitrate solu-
tion (UAN 32) at monthly intervals. 
The pots were arranged in five replicate blocks, each block 
having six replicates per treatment. At the end of each consecutive 
month, commencing January 1991 and terminating May 1991, a 
replicate block was harvested to determine yield as well as 
biomass allocation of both species under different degrees of intra-
and interspecific competition. Each plant was harvested separately 
by clipping it at soil surface and dividing it into the different plant 
parts, i.e. roots, tillers, leaves and inflorescences. The roots were 
washed over a fine sieve using a fine spray nozzle. In the case of 
the mixed stands, the roots of the two species were intertwined 
and were not harvested. The plant parts of each plant were placed 
in separate brown paper bags and dried at 90°C for 48 h and 
weighed. 
The analyses used were based on those of De Wit (1960). From 
the yield (above-ground biomass) of each species in each pot, the 
total number of individuals in each pot and the ratio of each 
species in the pot, the relative yield per plant (RYP) and relative 
yield total (RYT) were calculated (Fowler 1982). 
If p equals the initial proportion of species i, and q equals the 
proportion of species j, and p + q = 1 in a mixture of the two 
species, then, given a constant total density, 
RYPu = YUlpYii , 
RYPji = Yj/pYjj , 
and 
RYT = pRYPu + qRYPji, 
where Yii is the yield of species i in pure stand, Yu is the yield of 
species j in pure stand, Yu is the yield of species i in mixture, and 
Yji is the yield of species j in mixture. 
To determine whether the yield of the mixture was greater than 
the mean of the two monocultures, the relative yield of the 
mixture (RYM) was calculated in a 50:50 mixture (Wilson 1988): 
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The relative competitive abilities of the species were determined 
in a 50:50 mixture and expressed as the 'aggressivity' (McGil-
christ & Trenbath 1971; Martin & Snaydon 1982): 
Results were analysed statistically using the Statgraphics 5.0 
computer program (Statgraphics 5.0, 1989, STSC, Inc USA). A 
one-way analysis of variance (Scheffe) was used to determine 
significant differences at a = 0.05. The Chi-square goodness-of-fit 
statistic was used to determine whether RYM values differed 
significantly from 1. 
Results and Discussion 
High mortality of A. pubescens individuals was observed when 
plants were grown at high densities, with the result that plants 
could only be harvested during the first three months of the 
experiment's duration. A high mortality rate at an early age, at 
high densities, was also recorded by Smith (1983) for several 
other species. Donaldson and Kelk (1970) reported that initial 
establishment by A. pubescens under field conditions was 
better where competition from existing grass species was mini-
mal. Eragrostis curvula was affected less by high planting den-
sities and survived relatively successfully. 
Biomass production 
Intraspecific competition 
At the third harvest, as well as the fifth harvest in the case of 
E. curvula, an increase in density resulted in a significant 
decrease in dry mass per plant for both A. pubescens and E. 
curvula (Figures la-c). Details of the significant differences 
between the yield at the various densities are indicated in 
Figure 1. 
In the case of A. pubescens, high densities resulted in a 
hierarchy of individuals, with a few large individuals and a 
large number of suppressed individuals. This increase in size 
variability in populations grown at higher densities has been 
interpreted as strong support for the hypothesis that competi-
tion between plants is 'asymmetric' or 'non-reciprocal', i.e. 
that the larger plants are able to obtain a disproportionate share 
of resources and suppress the growth of smaller individuals 
(Weiner & Thomas 1986; Keddy 1989). According to Harper 
(1977), the place that an individual occupies in this hierarchy is 
largely detennined by the order in the sequence of emergence. 
Ross and Harper (1972) cited the case where a single day's 
headstart resulted in an average 222% increase in the fmal bio-
mass of Dactylis glomerata. 
Two possible relationships between density and yield have 
been described (Holliday 1960; Begon & Mortimer 1986). The 
first relationship is asymptotic where the total dry matter yield 
per unit area increases with increasing density until a level is 
reached where yield is barely increased by a further increase in 
density. The second relationship is parabolic where maximum 
yield is reached at an intermediate density and yield decreases 
at higher densities. The asymptotic relationship has been found 
to be characteristic of yields which are a product of the growth 
in the vegetative phase, whereas the parabolic relation results 
when yield is a function of reproductive growth (Holliday 
1960; Silvertown 1987). Although the relationship between 
density and total dry mass per pot of both A. pubescens and E. 
curvula at the third harvest appeared to be parabolic, no 
significant differences could be demonstrated between the yield 
at different densities (Figures la & b). At the fifth harvest, 
densities of 4 and 12 E. curvula plants per pot had a signifi-
cantly higher yield per pot than a single plant per pot, but did 
not differ significantly from the yield of 8 or 16 plants per pot 
(Figure lc). These results clearly illustrate that no advantage 
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will be obtained by planting either of the two species at too 
high densities. 
I nterspeciJic competition 
In Table 1 the values of the relative yield per plant (RYP), 
relative yield total (RYT) as well as relative yield of the 
mixture (R YM) for the replacement series are presented. The 
RYP represents the average yield of an individual in a mixed 
stand in relation to the yield of an individual of the same 
species in a pure stand at the same density (Fowler 1982). In 
the case of A. pubescens, RYP was <1 at all three harvests. 
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Figure 1 The total dry mass per plant and per pot in mono-
culture of (a) Anthephora pubescens at the third harvest, and 
Eragrostis curvula at (b) the third and (c) fifth harvest. Within the 
'per pot' or 'per plant' comparisons, bars with the same letter do 
not differ significantly at Ct = 0.05. 
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This implies that individuals of E. curvula have a greater effect 
on individuals of A. pubescens (interspecific competition) than 
individuals of A. pubescens have on themselves (intraspecific 
competition). In the case of E. curvula, RYP was >1, implying 
that individuals of E. curvula have a greater effect on 
themselves (intraspecific competition) than individuals of A. 
pubescens have on E. curvula (interspecific competition). 
These relationships are presented graphically in Figure 2. The 
RYP values of E. curvula increased with a decrease in the ratio 
of E. curvula plants in the mixture, indicating an increase in 
biomass per plant of E. curvula plants the fewer E. curvula 
individuals there were in the mixture. 
The RYT represents the sum of the proportional changes in 
yield which occur in the mixtures (Fowler 1982) and measures 
the degree to which two components of a mixture make de-
mands on the same resource units (Taylor & Aarssen 1990). 
The RYT values at the third harvest were significantly greater 
than 1 (Table 1). According to Berendse (1983), as well as 
Taylor and Aarssen (1990), RYT values >1 imply that the two 
species make demands on significantly different resources and 
that a degree of niche differentiation occurs. Relative yield 
total values > 1 seldom occur in agricultural crops, except 
where a nitrogen-fixing legume is one of the components 
Table 1 Relative yield per plant (RYP) , relative yield 
total (RYT), relative yield of mixture (RYM) and aggressiv-
ity of Anthephora pubescens (AP) and Eragrostis curvula 
(Ee) for monthly harvests 
Ratio RYP Aggressivity 
(plant/pot) 
Hruvest AP:EC AP EC RYf RYM AP EC 
4:12 0.43 1.06 0.90 
8:8 0.93 1.74 1.34 1.66 -0.21 0.21 
12:4 0.98 3.24 1.55 
2 4:12 0.30 1.34 1.08 
8:8 0.31 1.76 1.03 1.41 -0.36 0.36 
12:4 - . - . - . 
3 4:12 0.91 1.17 1.10 
8:8 0.64 1.94 1.29 1.60 -0.33 0.33 
12:4 0.42 3.50 1.26 
• Insufficient replicates. 
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replacement series at the third harvest. 
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(Trenbath 1974), and RYT values approximately equal to 1 
have been recorded in many pot trials (Trenbath 1974; Berend-
se 1983). Fowler (1982), however, predicted that RYT values 
> 1 should be relatively common in natural communities, be-
cause the species have developed together in the evolutionary 
pathway. Although E. curvula and A. pubescens have not 
evolved together, the RYT values obtained in the replacement 
series exceeded l. 
The relative yield of mixtures (RYM) compares the yield of 
mixtures with the monoculture yield of each species to deter-
mine the yield performance. The RYM values in an 8:8 mix-
ture were significantly > 1, implying niche differentiation 
between the two species and more effective resource utilization 
in a mixture than in a pure stand (Wilson 1988). These results 
therefore confirm those reached on the basis of the RYT 
values. 
In Table 1 the aggressivity values of both species in an 8:8 
mixture are given. At all three harvests the aggressivity values 
of A. pubescens were negative, while those of E. curvula were 
positive, indicating that the latter species was the superior 
competitor. In a study by Robinson and Whalley (1991), who 
examined competition between E. curvula and three temperate 
pasture grass species (Festuca arundinacea, Dactylis 
glomerata and Phalaris aquatica) , E. curvula proved to be 
more competitive than all three temperate grass species. The 
competitiveness of the temperate grasses declined with age, 
due to the greater competitive ability of E. curvula and a 
decline in soil fertility, which favoured E. curvula (Robinson 
& Whalley 1991). 
The replacement series approach has been criticized (Inouye 
& Schaffer 1981; Firbank & Watkinson 1985; Connolly 1986; 
Rejmanek et al. 1989; Taylor & Aarssen 1989) because of the 
sensitivity of the results to the total mixture density. However, 
according to Taylor and Aarssen (1989), their results suggested 
that interpretations of replacement series were sensitive to 
variations in density only to the extent that the supply of 
resources exceeded the demands made on them, i.e. how far 
the mixture components were from constant final yield. At a 
constant final yield , demands on resources will equal the 
supply and the impact of one species on another in the mixture 
will depend solely on the effects being measured, viz. competi-
tive ability and niche overlap. Therefore, if the objective is to 
use indices to assess relative competitive ability and niche 
overlap, then it would be sufficient to run the experiment at a 
single density so long as the component densities are high 
enough to achieve constant final yield. According to Taylor 
and Aarssen (1989), indices obtained at these densities may be 
used to predict species abundance in the field or to interpret 
competition experiments conducted under the same conditions 
at any density. In the present study a density of 16 plants per 
pot was high enough to satisfy the above-mentioned require-
ments. 
In the case of intraspecific competition it has been suggested 
that small differences in emergence time can contribute sub-
stantially to determining final biomass (Black & Wilkinson 
1963; Ross & Harper 1972; Harper 1977). Emergence time 
will also affect the success of a species under interspecific 
competitive stress. Eragrostis curvula emerged 3 - 5 days 
ahead of A. pubescens and this headstart may have given E. 
curvula the competitive edge resulting in competlllve 
superiority. The advantage an early emerging seedling gains is 
probably due to the capture of a disproportionate share of the 
environmental resources and once a difference between two 
individuals has been triggered , it is progressively exaggerated. 
Miller (1987) studied the effect of emergence date on the 
success of seven species in the field and found that sensitivity 
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to emergence date was highly variable between species, and 
within species this sensitivity differed between years and 
throughout the season. 
The effect of interspecific competition on the above-ground 
dry mass of A. pubescens and E . curvula at the third harvest is 
illustrated in Figure 3. Although not statistically significant, A. 
pubescens exhibited a negative trend between above-ground 
dry mass and an increase in the ratio of A. pubescens in the 
replacement series, with the yield per plant in monocultures 
exceeding that in mixtures. Patterson (1990) recorded the same 
negative relationship between density and yield in Anoda 
cristata and Abutilon theophrasti. In contrast to A. pubescens, 
the yield of E. curvula was lower in monoculture than in 
mixture. In the mixture the mean above-ground dry mass per 
plant decreased significantly with an increase in the ratio of E. 
curvula in the mixture. 
Biomass allocation 
I ntraspecijic competition 
A one-way analysis of variance indicated no significant differ-
ences (P > 0.05) in the biomass allocation patterns, in either 
species, in response to varying degrees of intraspecific com-
petitive stress. 
The pattern of biomass allocation of E. curvu/a over the 
growing season is illustrated in Figure 4 at all densities. At all 
densities, an initial decrease in root allocation at the first three 
to four harvests was observed, whereafter an increase in root 
allocation was exhibited. At 16 plants per pot, the increase in 
root allocation was once more followed by a decrease at the 
fifth harvest. It appears that E. curvula exhibits a shift towards 
above-ground allocation during seedling establishment. Once 
the plants have established, a shift towards below-ground allo-
cation is exhibited, increasing the contribution of the root 
system to the total plant biomass. This phenomenon suggests a 
possible 'investment strategy' to ensure occupation and sur-
vival as the environment becomes more unfavourable. 
The pattern of biomass allocation of A. pubescens over the 
growing season is illustrated in Figure 5 at all densities. At the 
lowest density (Figure Sa, one plant per pot), the allocation of 
biomass to the roots remained fairly constant, while allocation 
to the tillers and leaves slightly increased and decreased, 
respectively, over the growing season. At higher densities, the 
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allocation of biomass to the roots appeared to decrease over the 
growing season, and while allocation to tillers increased, allo-
cation to leaves remained fairly constant. Unfortunately, the 
allocation pattern of A. pubescens at higher densities could not 
be monitored in the fourth and fifth month due to a high 
mortality rate. It could, therefore, not be established whether A. 
pubescens exhibited a similar increase in root allocation at 
these harvests. 
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In both species reproductive structures were produced by 
only a few individuals, usually at low densities. 
Interspecific competition 
The pattern of biomass allocation, calculated on the basis of 
above-ground biomass, remained unaltered in both species, 
irrespective of the ratio of the two species, and did not differ 
significantly from the biomass allocation in a pure stand . 
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Figure 4 Biomass allocation of Eragroslis curvula over the growing season at densities of (a) 1; (b) 4; (c) 8; (d) 12; and (e) 16 plants 
per pot. 
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Similar results have been recorded by Chandrasena and Peiris 
(1989) in Panicum repens L. 
Conclusions 
Intraspecific competition became effective from early growth 
stages in both A. pubescens and E. curvula and regulated the 
amount of dry matter produced per plant. In monocultures the 
yield of A. pubescens was inferior to that of E. curvula at equal 
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densities. Increasing density significantly reduced the yield per 
plant of both species. In AnthepluJra pubescens, self-thinning 
(Silvertown 1987) apparently occurred at high densities, 
causing large-scale mortality. 
On the basis of the values of the relative yield total (RYT) 
as well as relative yield of mixtures (RYM) , which are larger 
than I, it would seem that A. pubescens and E. curvula would 
be able to coexist in mixed pastures as a degree of niche 
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Figure 5 Biomass allocation of Anthephora pubescens over the growing season at densities of (a) 1; (b) 4; (c) 8; (d) 12; and (e) 16 
plants per pot. 
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differentiation occurs between them and they are able to utilize 
different resources when grown in mixtures. However, the 
values of RYP and aggressivity obtained in the present study 
clearly indicate that A. pubescens is a poor competitor and that 
interspecific competition by E. curvula had a greater negative 
effect on A. pubescens than intraspecific competition. In 
contrast to A. pubescens, E. curvula is evidently a strong 
competitor. The values of RYP and aggressivity show that 
intraspecific competition has a greater negative effect on E. 
curvula than interspecific competition by A. pubescens. The 
yield of A. pubescens remained inferior to that of E. curvula in 
mixtures. These large differences in competitive ability 
between the two species, combined with the fact that the 
establishment of A. pubescens is poor under natural conditions 
where competition from existing grass species is present 
(Donaldson & Kelk 1970), suggest that E. curvula could 
eventually eliminate A. pubescens in mixed pastures. 
It is important to keep in mind that the environment plays an 
important role in the interaction between species by de-
termining the intensity of competition as well as the direction 
of competitive dominance. This trial was conducted under 
controlled conditions, in small pots, and these results cannot be 
extrapolated unconditionally to a field situation. The occur-
rence of self-thinning in the monocultures of A. pubescens 
indicates that the density range over which the study was 
conducted was probably too high for this species. In addition, 
for the duration of this study, both species were essentially 
treated as annuals and grown in small pots, whereas their 
responses to intra-. and interspecific competition in the field, 
when the plants are mature, might be quite different from their 
responses in the first year. Furthermore, A. pubescens is 
cultivated in regions with a rainfall less than 650 mm per 
annum, whereas E. curvula is generally recommended as 
cultivated pasture for areas that receive more than 650 mm rain 
annually, although it can be grown successfully in areas with 
an annual rainfall as low as 450 mm. In this study, plants were 
grown in a greenhouse without water stress, which would have 
given the species adapted to higher rainfall conditions the 
advantage. According to Fair (1989), the dry-matter production 
of E. curvula is reduced in a lower rainfall regime. Under these 
conditions E. curvula would probably be less aggressive, and 
could possibly be grown successfully with A. pubescens in 
mixed pastures. 
Growth is dependent on the availability of resources, and a 
change in the environment (e.g. due to competition) affecting 
the availability of some essential resource, may change the 
growth rate of different organs to different extents so that the 
overall pattern of dry-matter distribution is altered (Harper & 
Ogden 1970). The allocation of biomass of both species inves-
tigated remained relatively unchanged under intra- and inter-
specific competitive stress, and it would therefore not be 
possible to manipulate the biomass allocation by growing these 
species at a particular density or in mixed pastures. 
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